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A private census of Washington County, Maryland, In 1963 obtained Information 
on smoking habits of all adults In the census, and death certificates of all residents 
who died In the next 12 years were coded for underlying cause of death and 
matched to the census. Among the white population aged 25 and over, 4,162 
men and 14,873 women had never smoked. In this group, death rates from 
arteriosclerotic heart disease were significantly higher among men (relative risk 
(RR) s 1.31, 95% confidence Interval (Cl) 11-1.6): and women (RR ■ 1.24, 95% 
a 1.1-1.4) who lived with smokers in 1963, after adjustment for age, marital 
status, years of schooling, and quality of housing. Among women, the relative 
risk increased significantly (p < 0.005) with increasing level of exposure; among 
men, there was little evidence of s dose-response relation; The relative risks for 
jftonsmokars who lived with smokers were greatest among both men and women 
who were younger than age 45 in 1963, but the number of deaths in these groups 
was small, and confidence intervals were broad. These results suggest a small 
but measurable risk for arteriosclerotic heart disease among nonsmokers who 
live with smokers. 
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The association of cigarette smoking 
with arteriosclerotic heart disease deaths is 
well-known (I), and it is now increasingly 
suspected that the presence of smoke in the 
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environment may pose a risk to non- 
« smokers. Evidence on the possible associa¬ 
tion of what U called passive smoking'with 
arteriosclerotic heart disease is as yet far 
from conclusive, and both the Surgeon 
General’s recent report (2) and that of the 
National Research Council of the National 
Academy of Sciences (3) emphasize the 
need for additional studies. As pointed out 
by the Surgeon General, because heart dis* 
ease is so prevalent, even a small increase 
in risk associated with passive smoking 
could have a substantial public health im¬ 
pact. 

Some epidemiologic studies have been 
conducted concerning the possible associa¬ 
tion of arteriosclerotic heart disease with 
passive smoking. A recent case-control 
study by Lee et al. (4) reported no consis¬ 
tent evidence of greater passive smoke ex- 
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posure among 118 hospitalized nonsmoking 
cases than among nonsmoking controls 
hospitalized for reasons considered unre¬ 
lated to smoking. Gillis et al, (5) reported 
results of up to 10 years of follow-up for 
8,128 Scottish adults aged 45-64 years who 
participated in a multiphasic health screen¬ 
ing exam and for whom smoking history of 
a spouse or partner was known. At the 
initial examination, nonsmoking women 
who lived with smokers had slightly more 
cardiovascular symptoms such as angina or 
abnormal electrocardiogram than non- 
smokers who were not exposed No such 
excess was reported for men. At follow-up, 
death rates from myocardial infarction for 
nonsmoking men and women married to 
smokers were midway between rates for 
nonexposed and those for active smokers. 
The number of observed deaths was small, 
and differences were not statistically sig¬ 
nificant Garland et al. (6, 7) reported a 
dose-response relation in women aged 50- 
79 years between the amount their hus¬ 
bands smoked and death rates from isch¬ 
emic heart disease, but the number of 
deaths was small, and the differences were 
less than statistically significant, despite a 
relative risk of 2.7. Hirayama (8) reported 
in his 15-year prospective study that there 
was a significantly higher risk of ischemic 
heart disease among Japanese women 
whose husbands smoked as compared with 
those whose husbands did not smoke, as 
well as a significant dose-response relation 
with amount smoked. Svendsen et al. (9), 
in the Multiple Risk Factor Intervention 
Trial prospective study, found that non¬ 
smoking men whose wives smoked had 
roughly twice the risk of coronary heart 
disease morbidity and mortality compared 
with those whose wives did not smoke. Of 
particular interest is their finding of no 
difference between the two groups in blood 
pressure or cholesterol levels. 

Data from a private census conducted in 
1963 and other records available in Wash¬ 
ington County, Maryland, were used to 
evaluate the heart disease risk associated 
with household smoke exposure among 


nonsmoking adults. The results of this 12- 
year follow-up study are reported here. 

Materials and methods 

In July 1963, a private census obtained 
data on an estimated 98 per cent of the 
household* in Washington County, Mary¬ 
land. Information included sex, age, race, 
marital status, years of schooling, and 
homing characteristics for all 91,909 indi¬ 
viduals enumerated. Information on ciga¬ 
rette, cigar, and pipe smoking habits as well 
as frequency of church attendance was re¬ 
corded for each household member aged 
16Vfe or older as of July 15, 1963: A follow¬ 
up of a 5 per cent sample of the households 
in the 1963 census was conducted in 1971 
in order to assess the probability of still 
living in Washington County after eight 
years. Since age, marital status, years of 
schooling, and frequency of church atten¬ 
dance were the only characteristics that 
showed significant association with re¬ 
maining in the county, a probability of re¬ 
maining in the county was calculated for 
each adult in the census aged 25 and over 
based on those factors and was entered on 
the census tape. These probabilities allow 
the population remaining in the county to 
be estimated at any point in the eight-year 
period. Since only about 2 per cent of the 
noninstitutionalized 1963 population was 
black, the present study is confined to 
whites. 

All death certificates of Washington 
County residents who died between July 
1963 and July 1975 have been coded as to 
primary, contributing, and underlying 
causes of death without knowledge of cen¬ 
sus data, and the information was entered 
on the census tape for decedents who were 
in the 1963 census. The Seventh Revision 
of the International GiOssificotion of Dis¬ 
eases (ICD) (10) was used for coding causes 
of death; for this study, we used only deaths 
with underlying causes of death classified 
as arteriosclerotic heart disease including 
coronary disease (ICD 420) and other myo¬ 
cardial degeneration (ICD 422). We also 
analyzed deaths for which arteriosclerotic 
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heart disease was listed on the death certif¬ 
icate but not coded as the underlying cause 
of death to confirm that similar associa¬ 
tions were observed The category other 
myocardial degeneration was included be¬ 
cause many physicians in this community 
refer to deaths due to coronary artery dis¬ 
ease as arteriosclerotic cardiovascular dis¬ 
ease, which is classified under ICD 422. 

For the current study, all adults were 
assigned smoking contribution scores (ta¬ 
ble 1) ranging from 0 to 12 based on their 
reported smoking histories—never smoked, 
present or ex-smoker of cigarettes, cigars, 
or pipe, and amount smoked In general, 
current smokers were assigned scores that 
were twice those of ex-smokers of like 
amount. The only exception to this was for 
persons who only smoked a pipe and/or 
cigars; census data did not distinguish be¬ 
tween current or past pipe or cigar smokers. 
When pipe and/or cigar smokers also cur¬ 
rently smoked cigarettes, however, they 
were assumed to be current pipe and/or 
cigar smokers. The contribution to house¬ 
hold exposure of only pipe and/or cigar 
smoke was treated as less than that of 
current smokers of fewer than 10 cigarettes. 
Although the household exposure from a 
pipe or cigar may equal or exceed that from 
a cigarette, it was arbitrarily assumed that 
cigar or pipe smokers who never smoked 
cigarettes would, in general, smoke fewer 
pipes or cigars per day than light cigarette 
smokers. Only 9 per cent of spouses of 

Table. 1 


Calculation of each person < contribution to tmoke 
exposure in the home 


Smoking ctatua 

Ei- 

■mokar 

Current 

smoker 

Never smoked 

0 

0 

Cigar* and/or pipe only* 

1 

1 

Cigarette* 

<10/day 

1 

2 

10-20/<Uy 

3 

6 

21+/<by 

6 

10 

If cigar* and/or pipe in addition 

to cigarette*, add 

1 

2 


* CeruuB data did not diatinguiab between ex* end 
current pipe or cigar smoker*. 


nonsmoking females smoked only pipes 
and/or cigars. Thus, the impact of this ar¬ 
bitrary ranking of pipe and cigar smokers 
and current light smokers is not likely to 
be large. A household exposure score was 
calculated as the sum of the contributions 
of all persons living in that household, and 
each person’s passive smoke exposure score 
is the household score minus his or her own 
contribution to it. 

A housing index (ranging from 0 to 10) 
based on running water, number of bath¬ 
rooms, type of heating system, cooking fuel, 
and availability of telephone is a rough 
indicator of quality of housing. In the ab¬ 
sence of solid data on household income, 
the housing index acts as a surrogate mea¬ 
sure, particularly to identify the very low- 
income households. 

Among the 22,973 white men and 25,369 
white women aged 25 and over in the 1963 
census, 4,162 men and 14,873 women re¬ 
ported that they had never smoked. The 
calculated 1969 midpoint remaining popu¬ 
lation of these nonsmokers, based on the 
1971 follow-up, was 3,454 men and 12,345 
women; these constitute the population of 
interest for this study. 

Death rates were calculated as deaths in 
12 years per 1,000 midpoint population, 
adjusted for age, housing quality, marital 
status, and years of schooling by the binary 
variable multiple regression procedure de¬ 
scribed by Feldstein (11) and adapted for 
epidemiologic use by Shah and Abbey (12). 

Results 

Table 2 shows the characteristics of the 
Washington County white population aged 
25 and older originally listed in the 1963 
census and the percentage in each category 
reporting that they had never smoked. As 
was characteristic of that period, relatively 
few men but more than half the women had 
never smoked Among men, there was a 
slight tendency for the better educated to 
have a higher percentage of nonsmokers, a 
trend opposite to that among women. 

Characteristics of the population of in¬ 
terest for this study, those who never 
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Table 2 


Percentage of original census population who reported they hod never smoked, by demographic characteristics, 
whites aged 25 yean, Washington County, MD, 1963 _ 



Men 


Women 


Characteristic 

No. 

% sever 
smoked 

No. 

% sever 
smoked 

Total 

25^973 

18.1 

25369 

68.6 

Age (year*) 

2544 

10.928 

i&e 

11,652 

46:7 

45-54 

6,104 

16:1 

6376 

53:3 

55-64 

3,631 

172 

4,001 

70.1 

654 

3,310 

27.6 

4336 

86.6 

Marital statu* 

Married 

19,699 

17.4 

18,704 

55.4 

Other 

3,274 

22.4 

6,665 

67:6 

Grade* of *chool completed 

(Ml* 

9377 

19.1 

9,929 

68.5 ■ 

Ml 

4,527 

13.1 

6,497 

624 

12 

6356 

19.1 

6302 

54.4 

13+ 

3313 

20.4 

3,141' 

47:6 

Housing index 

0-7 

4,591 

15.9 

4312 

693 

6-10 

16,382 

18.7 

20357 

68.4 


* Include* participant* for whom grade* of school completed was not known. 


smoked, are listed in table 3, which shows 
the calculated midpoint populations in 
1969 and the percentage of each group ex- 
posed to tobacco smoked by others in 
the household: For both men and women, 
the percentage exposed to environmental 
smoke in the home tends to drop with in¬ 
creasing age and with higher quality of 
housing. There is, however, a sex difference 
in the association of education with per¬ 
centage exposed, nonsmoking men showing 
slightly increased exposure with more years 
of schooling and nonsmoking women show¬ 
ing a slight trend in the opposite direction. 
In addition, married men are less likely and 
married women more likely to be exposed 
to the smoke of others in the home. 

Table 4 Bhows the adjusted rates of death 
from arteriosclerotic heart disease (I CD 
420 and 422) in the 12-year period 1963- 
1975 among men and women who never 
smoked, according to their level of passive 
•moke exposure at home. The overall rates 
are adjusted for age, quality of housing, 
marital status, and years of schooling. For 
men, the relative risk for those with some 
household exposure compared with the 


nonexposed is statistically significant (rel¬ 
ative risk (RR) ~ 1.31, 95 per cent confi¬ 
dence interval (Cl) 1.1-1.6)* but the trend 
with increasing exposure is negligible. For 
women, both the difference between the 
exposed and nonexposed (RR * 1.24, 95 
. per cent Cl 1.1-1.4) and the trend of in¬ 
creasing mortality with increasing levels of 
exposure in the home (Cochran chi-square 
« 9.2, p < 0:005) are statistically signifi¬ 
cant The balance of table 4 presents the 
adjusted arteriosclerotic heart disease mor¬ 
tality rates for each age group by level of 
•moke exposure at home. The age group 
25-44 years shows the highest relative risks 
for both men and women/ but because of 
the very small numbers, the 95 per cent 
confidence limits are quite broad. Never¬ 
theless, it is worthy of note that aeven of 
-the eight age-sex groups show increased 
risk of arteriosclerotic heart disease deaths 
with passive smoke exposure in the home, 
and five of the eight indicate a trend with 
increasing level of exposure. 

Results have been shown only for heart 
disease deaths that were classified as un¬ 
derlying cause of death. Although not 
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Table 3 

Distribution of midpoint population of white* aged ±25 yean who never smoked, by sex, percentage ex posed to 
tmoke at home, and demographic characteristics, Washington County, MD, 1963-J975 




Men 

Women 


Characteristic 

No. 

% exposed 
is the borne 

No. 

% exposed 
in the borne 

Total 

3,454 

293 

12,345 

664 

Age (years) in 1963 

25-44 

1,502 

30.0 

4,618 

72.0 

45-54 

731 

343 

2,553 

72.1 

55-64 

554 

28.2 

2,472 

624 

65+ 

667 

24.4 

2,702 

504 

Marital statu* 

Married 

2,929 

27.2 

9,033 

75.7 

Other 

525 

42.7 

3^12 

374 

Grade* of school completed 

0-8* 

1,578 

27.0 

5,589 

62.7 

9-11 

504 

29.4 

2,455 

70.0 

12 

862 

31.7 

3,158 

68.6 

13+ 

510 

34.1 

1>U3 

60.6 

Housing index 

0-7 

694 

33.7 

2,238 

68.2 

8-10 

2360 

28.7 

10,107 

64.9 


• Include* participant* for whom grade* of school completed was not known. 


\ shown, death rates and relative risks were 

s also calculated for heart disease deaths 

coded as a primary cause or a contributing 
cause of death. A total of 461 nonsmoking 
men and 1,281 nonsmoking women had 
arteriosclerotic heart disease listed on the 
death certificate. Of these, 80 per cent of 
men and 77 per cent of women were consid¬ 
ered to have heart disease as the underlying 
j cause of death. Results were similar 
whether or not heart disease was considered 
by the nosologist to be the underlying cause 
of death. For example, the adjusted relative 
risk among exposed nonsmoking women 
compared with nonexposed women was 1.2 
for heart disease listed anywhere on the 
death certificate and 1.1 when heart disease 
was on the death certificate but not consid¬ 
ered to be the underlying cause of death. 
For males, the corresponding relative risks 
were 1.3 and 1.4. 

Discussion 

The findings of thiB study tend to con¬ 
firm those of Hirayama (8), whose relative 
risk from ischemic heart disease was 1.3 for 
.' nonsmoking women married to smokers; 

j 


our relative risks, however, are consider¬ 
ably lower than those of Garland et al. (7) 
and Svendsen et &L (9) and higher than 
those of Lee et al. (4). 

There are a number of strengths in this 
study. Information on smoking was col¬ 
lected for each person in 1963, and follow¬ 
up procedures were the same for everyone. 
Some potential biases were thus avoided: 
those involved in asking people (or their 
family members) about prior smoking hab¬ 
its after an illness or death, when recall 
may be colored by an unconscious search 
for any possible cause of the illness, and 
those involved in selecting controls from 
hospital populations. Furthermore, smok¬ 
ing histories were recorded prior to publi¬ 
cation in 1964 of the Surgeon General's 
first report on smoking and health (13) and 
the subsequent increase in concern about 
smoking. 

Obviously, the home is not the only place 
where nonsmokers may be exposed to to¬ 
bacco smoke. Any association of household 
passive smoke exposure with heart disease 
mortality may, in this study, appear weaker 
than the actual association to the extent 
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that some of those presumed to have aero 
or moderate exposure at home were actually 
subjected to moderate or heavy passive 
smoke at work or elsewhere outside the 
home. In this population and during the 
years of the study, among women aged 25 
and over, about 50 per cent were nonwork¬ 
ing housewives who would be less likely to 
be exposed to tobacco smoke outside the 
home than men, the vast majority of whom 
were employed. This may in part explain 
the greater consistency over age groups 
among women than among men in the in¬ 
crease in relative risk with indicated level 
of exposure. 

All smoking data were obtained in the 
1963 census, so no provision can be made 
for changes in smoking habits which we 
know took place as a result of publicity 
about health effects of Bmoking. Data from 
a 1975 private census replicating the 1963 
census Bhow that the percentage of current 
cigarette smokers in the 40- to 49-year age 
range, for example, dropped from 78 per 
cent to 44 per cent among men and from 
50 per cent to 36 per cent among women. 
On the whole, then, our household passive 
smoke exposure scores based on 1963 cen¬ 
sus data will tend to be higher than the 
actual exposures in later years and to that 
extent may exaggerate the amount of ex¬ 
posure required to match with a given risk 
of death from arteriosclerotic heart disease. 
We also have no data on changes in the 
household composition which may have oc¬ 
curred prior to or after 1963. Thus, we 
implicitly assume that any such changes 
occurred randomly in the population. 

We have very little data on other risk 
factors for arteriosclerotic heart disease in 
the study population. We have tried to ad¬ 
just for some: smoking, by restricting the 
study to nonsmokers; age and sex, by as¬ 
sessing the risk separately for eight age-sex 
groups; and housing quality, marital status, 
and years of schooling, by binary variable 
multiple adjustment. A final check by mul¬ 
tiple logistic and Poisson regression adjust¬ 
ment gave virtually identical results. Two 


other studies encourage us to disregard hy¬ 
pertension and cholesterol as possible con¬ 
founding factors. The Garland et al. (6, 7) 
study showed no significant differences in 
systolic blood pressure, obesity index, and 
plasma cholesterol between women married 
to present or ex-smokers and those married 
to men who never smoked. Similarly, the 
Svendsen et aL (9) study showed no signif¬ 
icant difference in blood pressure and 
serum cholesterol between men whose 
wives smoked and those whose wives were 
nonsmokers. However, other factors such 
as diet and exercise might differ in families 
with and without smokers; we cannot ig¬ 
nore the possibility that such differences 
could influence our findings. 

in summary, this 12-year study of a non¬ 
smoking population of white men and 
women aged 25 and over suggests that non- 
smokers who live with smokers are at a 
higher risk of death from arteriosclerotic 
heart disease than those who live with non- 
smokers. It seems reasonable to suppose 
that tobacco smoke is a factor in the in¬ 
creased risk. 
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